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Abstract. Class III (3-tubulin (TUBB3) is emerging as a 
biomarker in a number of cancers. TUBB3 has been shown 
to be a prognostic indicator of more aggressive disease and 
a predictor of resistance to taxanes and vinca alkaloids. To 
date, there is little data on TUBB3 expression in small cell 
lung carcinoma (SCLC). The primary objective of this 
study was to determine the expression of TUBB3 in SCLC. 
Immunohistochemical staining of SCLC tumor specimens 
was performed using standard procedures. Expression of 
TUBB3 was determined as a composite of the percentage of 
malignant cells staining positive and the intensity of staining. 
Clinical and tumor data for each patient was compared with 
the degree of TUBB3 expression. A total of 66 SCLCs were 
evaluable for TUBB3 expression. The majority of specimens 
(n=56, 85%) had high expression of TUBB3. Only 4.5% (n=3) 
had low expression of TUBB3. The mean distribution of posi- 
tive staining for the specimens was 87.3±1.8% (mean ± SE). 
Specimens from core biopsies were significantly more likely to 
have high TUBB3 expression when compared with fine needle 
aspirates (P=0.004). There were no other significant findings 
when comparing clinical or tumor characteristics. Overall, 
we found that expression of TUBB3 in SCLC is higher than 
expected. Innate resistance to microtubule inhibitors, such as 
the taxanes and vinca alkaloids, may be associated with this 
finding. Attempts at microtubule inhibition with novel agents 
may be able to overcome this resistance mechanism. Further 
evaluation of TUBB3 as a biomarker in SCLC is warranted. 

Introduction 

Small cell lung cancer (SCLC) accounts for ~15% of all lung 
cancer diagnoses in the United States. The histology is unique 
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and the disease is commonly referred to as a high-grade 
neuroendocrine carcinoma. The cancer behaves differently 
than non-small cell carcinomas (NSCLCs), as it is typically 
more aggressive, with metastatic disease usually present at 
diagnosis (1). In addition, SCLC is characteristically initially 
very responsive to chemotherapy and/or radiation, with 
response rates in the 60-80% range (2). However, once it 
has relapsed, SCLC is rather resistant to chemotherapy. This 
resistance to therapy equates to a poor median survival time 
of ~9-ll months in patients treated for metastatic disease (3). 
Understanding both innate and acquired resistance in SCLC is 
key to developing improved therapies for this disease. 

Class III (3-tubulin (TUBB3) is an isotype of tubulin in 
normal and malignant cells that contributes to mitosis via 
construction of the mitotic spindle. TUBB3 is normally very 
highly expressed in neuronal tissues (4). There has been great 
interest in TUBB3 in cancer, as it correlates with resistance 
to therapy. TUBB3 has been shown to be highly expressed 
in a variety of types of cancer, including NSCLC (5), breast 
cancer (6), ovarian cancer (7), head and neck cancers (8) and 
cancers of unknown primary site (9). There is a growing body 
of translational and clinical literature that shows a marked link 
between high TUBB3 expression and resistance to the stan- 
dard microtubule inhibitor (MTI) class of drugs, the taxanes 
(docetaxel and paclitaxel) and vinca alkaloids (vinorelbine) (10). 

Resistance to MTIs via TUBB3 expression has been best 
described in NSCLC. In early-stage, operable disease, in 
patients treated with adjuvant platinum therapy plus paclitaxel, 
high TUBB3 expression has been shown to correlate with 
decreased survival (11). In addition, in advanced, inoperable 
disease, treatment with taxane-based therapy has been associ- 
ated with poorer response rates, decreased progression-free 
survival (PFS) and decreased overall survival (OS) in 
NSCLCs that highly express TUBB3 (12-14). Furthermore, an 
analysis of 202 patients with advanced NSCLC revealed that 
high TUBB3 expression was found more often in patients with 
adenocarcinoma histology, large cell carcinoma histology, 
diagnosis at a younger age (<59 years) and higher stage disease 
at diagnosis (stage IV vs. Ill) (14,15). Based on these data, it 
has been suggested that high TUBB3 may correlate with more 
aggressive disease in advanced NSCLC. As a result, there is 
expanding interest in evaluating TUBB3 as both a prognostic 
and predictive biomarker in NSCLC and a number of other 
cancers. 
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There is little data on TUBB3 expression and its clinical 
significance in SCLC. One small study that evaluated TUBB3 
expression in neuroendocrine tumors included an analysis of 
19 primary and 20 metastatic SCLC specimens (16). This study 
revealed a mean labeling index (MLI) of 75% (range, 45-92%) in 
malignant cells of the primary lesions and 96% (range, 1-99%) 
in the malignant cells of the metastatic lesions. This was 
comparable to that which was observed in large cell neuro- 
endocrine tumors (80% MLI), but markedly higher than that 
which was observed in atypical carcinoid tumors (25% MLI) 
and typical carcinoid tumors (3% MLI). There was no analysis 
to evaluate correlative clinical characteristics of the patients 
in this study. Based on these findings, we hypothesize that 
TUBB3 is highly expressed in SCLC. To test our hypothesis, 
viable SCLC specimens from the Department of Pathology, 
Minneapolis VA Healthcare System (Minneapolis, MN, USA) 
were analyzed for TUBB3 via immunohistochemistry (IHC). 
In addition, the degree of expression was compared with base- 
line patient characteristics and outcomes to identify factors 
that may correlate with the expression of TUBB3 in SCLC. 

Materials and methods 

Patients and tumor specimens. Patients with a diagnosis of 
small cell carcinoma were identified through the Minneapolis 
VA Hospital Tumor Registry. The five-year period from 
January 1, 2006, to December 31, 2010, was selected to 
ensure that adequate patient data and evaluable tumor speci- 
mens were available. Patients with a clinical and confirmed 
pathologic diagnosis of small cell carcinoma were included. 
We included those with lung primaries as well as those with 
extra-pulmonary small cell carcinomas (EPSCC), provided 
that the histology was consistent with small cell carcinoma 
or poorly differentiated (high grade or anaplastic) neuroen- 
docrine carcinoma consistent with small cell carcinoma. Any 
patients who had mixed histology (i.e. small cell carcinoma 
with adenocarcinoma), a questionable or speculative diagnosis 
of small cell carcinoma, or inadequate tissue for staining were 
excluded. 

Patient clinical data were accessed via the tumor registry 
and verified with the electronic medical record. Demographic 
data, including age at diagnosis, gender and race, were recorded. 
Smoking status was also included and was defined according to 
the following categories: No history of smoking, past history 
of smoking, and actively smoking at the time of diagnosis. As 
many patients had quit smoking near the diagnosis of their 
cancer, a patient had to have quit smoking for over one month 
prior to their diagnosis to be considered a past smoker. 

Cancer-specific data regarding stage and disease burden at 
diagnosis were evaluated. The Veterans Administration Lung 
Study Group staging categories of limited- or extensive-stage 
disease were used to classify stage at diagnosis (17). Disease 
burden was measured by calculating the number of metastatic 
sites involved beyond the lung and included metastases to the 
lymph node, bone, brain, liver, soft tissue and other visceral 
sites. Information pertaining to the pathology specimen was 
also obtained. Biopsy site, as defined by biopsy of a lung 
lesion, lymph node or metastatic site, was included. The type 
of biopsy was also evaluated in terms of whether it was a core 
biopsy, cytology, bone marrow biopsy or autopsy specimen. 



As this study was not performed in the context of a clinical 
trial, standard RECIST responses to therapy were not avail- 
able (18). For this analysis, imaging responses to therapy were 
classified as a response (any measurable decrease in the size 
of tumor target lesions), stable disease (no measurable change 
in the size of tumor target lesions) and progressive disease 
(any measurable increase in the size of tumor target lesions 
or the development of new lesions). OS for each patient was 
calculated from diagnosis of their cancer to mortality from 
any cause. PFS was defined as the time period from diagnosis 
to first documentation of disease progression or mortality from 
any cause. Subjects were censored at the time of last follow-up 
if mortality or progression were not observed during the 
follow-up period. The study was reviewed and approved by 
the Institutional Review Board of Minneapolis VA Healthcare 
System (Minneapolis, MN, USA). All patient and tumor data 
were de-identified prior to analysis according to VA standards. 

Immunohistochemical staining and assessment . 
Formalin-fixed, paraffin-embedded (FFPE) tumor specimens 
were obtained from the Department of Pathology, Minneapolis 
VA Healthcare System. The archival FFPE slides stained with 
hematoxylin-eosin were reviewed by a pathologist (C.I.) to 
assess tumor volume and adequacy for immunostaining on 
both tissue biopsies and cytology cell-blocks. Sections (5-/(m) 
were obtained from the corresponding FFPE blocks and stained 
using antibodies against neuronal Class B-tubulin (TUJ1) 
(1:400 dilution; monoclonal; cat. no. MMS-435P; Covance 
Inc., Princeton, NJ, USA) following the manufacturer's 
instructions in a Leica Bond Max automated immunostainer 
(Leica Microsystems, Inc., Buffalo Grove, IL, USA). In brief, 
heat-induced epitope retrieval was performed with ethylene- 
diaminetetraacetic acid-Tris base buffer (pH 8.9-9.1; Leica 
Microsystems, Inc.); primary antibody incubation time was 
15 min, and a Bond polymer refined detection kit (Leica Bond; 
Leica Microsystems, Inc.) was used. Brain tissue was used as 
the positive control and muscle tissue was used as the nega- 
tive control, as recommended in the antibody manual. Tumor 
staining was assessed by a trained pathologist (C.I.) with no 
knowledge of patient's clinical data, under the light microscope 
at low- and high-power magnifications (x20-x200). 

No validated expression scoring system exists for TUBB3. 
The scoring system in this analysis was derived from previ- 
ously reported scoring systems of TUBB3 'positivity' in 
NSCLC (12,14,15). These studies classify positivity for TUBB3 
as >50% of malignant cells staining positive for TUBB3 with 
2+ intensity or greater on a 0-3+ intensity scale. For the purpose 
of our study, we aimed to evaluate classes of expression in 
addition to positivity. Therefore, expression of TUBB3 was 
classified as the composite of distribution of malignant cells 
staining positive for the TUBB3 immunostain and the inten- 
sity of staining. Distribution of staining was classified as the 
percentage of malignant cells staining positive (range, 0-100%; 
10% increments). Intensity of staining was defined as: 0, no 
staining; 1+, weak staining; 2+, moderate staining; and 3+, 
strong staining. Tumor samples were determined to have high 
expression of TUBB3 if >50% of malignant cells were positive 
with 3+ intensity. Moderate expression of TUBB3 was defined 
as >50% of malignant cells staining positive with 2+ intensity. 
Low expression of TUBB3 was defined as <50% of malignant 
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cells staining positive and/or <2+ intensity of staining. Brain 
tissue served as the reference specimen for high expression 
(3+ intensity in 100% of cells). Muscle tissue served as the 
reference specimen for low expression (0 intensity in 0% of 
cells). 

Statistical analysis. The association between TUBB3 expres- 
sion and clinical/biopsy characteristics was summarized by 
frequencies and percentages. Fisher's exact test was used for 
formal hypothesis testing due to the small sample size. OS and 
PFS were summarized for high and low or moderate TUBB3 
expression by Kaplan-Meier survival curves. Differences in 
survival were tested using Cox proportional hazards regres- 
sion adjusting for initial therapy. Patients receiving only best 
supportive care were excluded from the analysis of OS and 
PFS. P-values less than 0.05 were considered to indicate 
a statistically significant difference. All calculations were 
completed using R version 2.15.1 (http://www.R-project.org/). 

Results 

Patient and sample characteristics. A total of 106 patients 
with small cell carcinoma were diagnosed during the study 
period. Of these 106 patients, a total of 66 had specimens that 
met our inclusion criteria for IHC staining. Patient and sample 
characteristics are outlined in Table I. There were no EPSCCs 
in our cohort, as all cases represented primary SCLCs. No 
recurrent small cell carcinomas were included. Regarding 
treatment, a total of 41 patients (62%) received standard 
chemotherapy (cisplatin or carboplatin in combination with 
etoposide or irinotecan), 12 patients (18%) received chemo- 
therapy with concurrent radiation and 12 patients (18%) opted 
for best supportive care. At the time of analysis, 61 (92%) of 
the patients had died and 5 (8%) were still living. 

TUBB3 expression in SCLC. Of the 66 patients evaluated, 
85% (95% CI, 73.9-92.5%) had high IHC expression of 
TUBB3. Only 4% (95% CI, 0.9-12.7%) had low TUBB3 
expression and 11% (95% CI, 4.4-20.6) had moderate TUBB3 
expression. The mean distribution of malignant cells staining 
positive for TUBB3 was also high at 87.3 ± 1.8% (mean ± 
SE). Based on previously reported scoring systems defined 
in NSCLC (12,14,15), the majority (n=63, 95%) of our 
specimens were positive for TUBB3. All samples had some 
degree of expression of TUBB3, with the lowest expression 
being observed in one specimen with 40% of the malignant 
cells staining positive at 1+ intensity. Conversely, there were 
25 specimens (38%) that had 100% of the malignant cells 
staining positive at 3+ intensity, similar to brain tissue. Fig. 1 
displays the staining pattern and intensity of a specimen with 
low TUBB3 expression and high TUBB3 expression. 

Correlation of TUBB3 expression with clinical and biopsy 
characteristics . Comparisons of TUBB3 expression 
(high vs. low or moderate) based on biopsy site and type of 
sample are outlined in Table I. Overall, there were no signifi- 
cant differences found among clinical characteristics including 
age, gender, ethnicity, smoking status, stage at diagnosis and 
disease burden. Additional analysis revealed that there were no 
significant differences in TUBB3 expression when comparing 



patients who presented with CNS, bone, liver or soft tissue 
metastases to those who did not. There was no significant 
difference in TUBB3 expression based on the site of the 
biopsy; however, there was a trend towards higher expression 
in the metastatic lesions biopsied. The only significant differ- 
ence in TUBB3 expression was with regard to to biopsy type. 
Core biopsies showed significantly higher expression overall 
when compared to cytology specimens (P=0.004). 

TUBB3 expression and survival. Initial therapies in our cohort 
included standard chemotherapy (62%), chemotherapy with 
concurrent radiation (18%) and best supportive care (18%). 
Treatment and survival data were not available for one patient 
due to transfer of care to another institution. Data on treatment 
response was available for 49 of the 53 patients that received 
therapy. Of these, 46 (94%) responded to therapy and 3 (6%) 
progressed despite therapy. We were unable to complete a 
formal hypothesis test comparing response rate by TUBB3 
expression due to the uniformly high response rate for both 
groups. 

Kaplan-Meier survival curves for OS and PFS comparing 
high TUBB3 expression versus low or moderate expression 
can be observed in Fig. 2. There was no significant difference 
in OS (median OS, 322 vs. 364 days; P=0.452) or PFS (median 
PFS, 178 vs. 233 days; P=0.845) in patients with high TUBB3 
expression versus patients with low or moderate expression, 
respectively. 

Discussion 

TUBB3 is emerging as a potential biomarker in NSCLC. Its 
role as a predictive and prognostic biomarker remains to be 
defined in a number of malignancies. In the present study, we 
aimed to define TUBB3 expression and correlative clinical 
and pathologic findings in patients with SCLC. Ultimately, 
we found that TUBB3 is highly expressed in SCLC, with 56 
of 66 patients (85%) displaying high expression of TUBB3 
in their tumors. Furthermore, using the definition of TUBB3 
positivity as utilized in the NSCLC literature (12,14,15), we 
found that almost all of our specimens (63 of 66; 96%) were 
positive for TUBB3. 

We were unable to identify any significant correlations 
between baseline clinical factors, OS or PFS in patients 
with high TUBB3 expression when comparing them with 
SCLC patients with moderate or lower expression. Other 
studies in NSCLC have revealed that differences in histology 
(adenocarcinoma and large cell carcinoma), younger age 
and more advanced stage at diagnosis are correlated with 
higher TUBB3 expression (15). Our findings do not disprove 
TUBB3 as a predictive biomarker in other cancers, but its role 
as a biomarker in SCLC may be questionable, as it has such 
uniformly high expression. However, the fact that TUBB3 is so 
highly expressed in SCLC may be one reason why the disease 
tends to behave more aggressively than other types of lung 
cancer. 

In our cohort, samples obtained by core needle biopsy were 
more likely to have high TUBB3 expression when compared 
with cytology specimens. Preparation of cytology specimens 
into cell blocks generally has more fixation variability than 
that of standard core biopsies. As a result, less positive TUBB3 
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Table I. Patient and sample characteristics. 



Characteristics 



High TUBB3 (n=56), n (%) 



Low or moderate TUBB3 (n=10), n (%) 



P-value 



Age (years) 
<60 
>60 

Smoking status 

Past smoker 

Smoker at diagnosis 
Gender 

Male 

Female 
Ethnicity 

Caucasian 

Other 
Stage at diagnosis 

Limited 

Extensive 
Number of metastatic 
organ sites 

<2 

>2 

Biopsy site 
Lung 

Lymph node 
Distant metastasis 

Type of sample 
Core biopsy 
Cytology 

Bone marrow biopsy 
Autopsy 



8(14) 
48 (86) 

24 (43) 
32 (57) 

56 (100) 
0(0) 

56 (100) 
0(0) 

12(21) 
44 (79) 



33 (59) 
23 (41) 

32 (57) 
11 (20) 

13 (23) 

40 (71) 

14 (25) 
1(2) 
1(2) 



0(0) 
10 (100) 

6(60) 
4(40) 

10 (100) 
0(0) 

7 (70) 
3 (30) 

1 (10) 
9 (90) 



6 (60) 
4(40) 

7 (70) 
3 (30) 
0(0) 

2 (20) 

8 (80) 
0(0) 
0(0) 



0.342 



0.492 



1.000 



1.000 



0.672 



1.000 



0.254 



0.004 



TUBB3, class III (3-tubulin. Limited stage is defined as disease confined to a single radiation field. Extensive stage disease is defined as disease 
beyond what can be included in a single radiation field (17). 



staining in these specimens may be observed. As TUBB3 
evolves as a biomarker, the sample source should be taken into 
account, as variability in different sample types could lead to 
erroneous results. In addition, although it was not significant, 
there was a trend towards higher expression of TUBB3 in 
metastatic lesions that were biopsied. In the previous analysis 
of SCLC specimens, it was also noted that there was a higher 
percentage of positive TUBB3 staining cells in metastatic 
lesions (16). This raises the question of which lesions are 
best to sample in studies evaluating TUBB3 as a biomarker. 
Beyond these points, there was no other significant difference 
in biopsy or pathological characteristics between the high and 
low/moderate TUBB3 expression groups. 

The high expression of TUBB3 in our cohort is markedly 
higher than that which has been reported in the literature for 
NSCLC. Numerous studies evaluating TUBB3 expression in 
NSCLC have defined high (or positive) expression as >50% 
of malignant cells staining positive (12,14,15). A review of 
TUBB3 expression included an analysis of three studies that 



utilized this 50% cut-off. This revealed that 105 of 203 (52%) 
cases of NSCLC specimens had high expression of TUBB3. 
The cut-off we selected in our study was more stringent and 
included staining intensity. By including only those with the 
highest intensity staining (3+) and using the cut-off of >50% 
of malignant cells staining positive, we still had 85% of our 
specimens with high expression. If we included those with 
moderate-intensity staining (2+), this number rose to 96% of 
our specimens. Comparing our findings to other tumors in 
the same review, the degree of high TUBB3 expression in our 
group was higher than that which has been observed in breast 
cancer (43% of 196 cases) and cancer of unknown primary 
site (55% of 40 cases) (10). Other studies using more permis- 
sive guidelines for high expression than those in our study 
have also revealed lower rates of high TUBB3 expression in 
head and neck cancer (40% of 80 cases) (8) and gastric cancer 
(30% of 20 cases) (19). The majority of these studies have corre- 
lated high TUBB3 expression with resistance to taxane-based 
therapies, and, in a number of cases, poorer outcomes. 
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Figure 1 . Staining pattern of class III p-tubulin in small cell lung cancer. 
(A) Low expression staining pattern (40% cells at 2+ intensity) and (B) high 
expression staining pattern (100% cells at 3+ intensity). 



— Low expression 
— ■ High expression 




Days 




Days 

Figure 2. Overall and progression-free survival in treated patients. (A) Overall 
survival (P=0.452) and (B) progression-free survival (P=0.845). 



It remains unclear why TUBB3 expression is higher 
in certain tumors such as NSCLC and SCLC. Normal lung 
tissue does not highly express TUBB3. One study evaluating 
tubulin isoform mRNA expression in normal and malignant 
tissues revealed that TUBB3 mRNA represented <5% of 
tubulin isoform mRNA in normal lung tissue. In the same 
study, the TUBB3 mRNA jumped to nearly 16% of tubulin 
isoform mRNA expressed in lung malignancies (20). This is 
much higher than that observed in normal brain tissue, where 
the highest expression of TUBB3 mRNA (8% of tubulin 
isoform mRNA) can be observed. One study in an ovarian 
cancer cell line revealed that hypoxia, via hypoxia-inducible 
factor-la (HIF-la), is able to induce TUBB3 expression (21). 
A more recent study in NSCLC showed that activating KRAS 
mutations correlated with a 40% increase in TUBB3 protein 
expression and subsequent inactivation of this pathway corre- 
lated with downregulation of TUBB3 protein expression (22). 
Despite these studies, there is limited knowledge of how 
TUBB3 is expressed in normal and malignant tissues and how 
it may be involved in carcinogenesis. 

There were several limitations to our study. First, the 
number of samples viable for staining was limited. This is 
due to the natural history of SCLC and the fact that it is rarely 
treated with surgery. Therefore, even in early-stage disease, 
core needle biopsies or fine needle aspirates are often used for 
diagnosis (1). This limits the amount of stainable tissue for IHC 
studies. Due to the limited amount of tissue, the sample size for 
our secondary outcomes was limited. In addition, the scoring 
system for TUBB3 expression has not been clearly defined 
in the literature. Scoring for expression has differed among 
analyses, with some using only the percentage of malignant 
cells staining positive, and others utilizing intensity of staining 
as well. We selected our scoring system to fit with the literature 
available on NSCLC, as the data is most developed for this 
disease. A better method would be to use a more quantifiable 
method of scoring. Alternative studies have attempted to do 
this by quantifying TUBB3 mRNA in lieu of IHC. However, 
mRNA does not always correlate with the degree of protein 
expression (23). Therefore, the majority of studies have used 
IHC as the preferred measurement of TUBB3. As TUBB3 
emerges as a biomarker, it is imperative that an easily reproduc- 
ible and effective measurement technique is developed. 

Several hypotheses can be generated from our study. The 
first is that high TUBB3 expression in SCLC may correlate 
with innate resistance to taxanes. As a single agent, paclitaxel 
has a response rate in the 30-50% range in chemotherapy naive 
patients with SCLC (24-26). When the drug was combined 
with platinum agents (carboplatin and cisplatin), the overall 
response rates (ORRs) were 65-68% (27,28). While this ORR 
is comparable to the 'gold standard' regimen of cisplatin or 
carboplatin plus etoposide, the complete response (CR) rates 
were lower, with only ~5-10% achieving a CR with platinum 
plus paclitaxel versus ~20-40% achieving a CR with platinum 
plus etoposide (29,30). This suggests that there may be some 
innate resistance to taxanes in SCLC. Based on our finding 
of high TUBB3 expression in SCLC and the fact that this has 
correlated with taxane resistance in other tumors, it is possible 
that TUBB3 is involved in taxane resistance. 

High expression of TUBB3 may make it a potential 
target for novel microtubule inhibitors. The epothilones are 
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a novel class of MTIs that have been shown to be active in 
taxane-resistant malignancies (31). There are several taxane 
resistance mechanisms that this class of drug can overcome, 
one of which is high expression of TUBB3. In fact, the 
epothilones show preferential targeting of TUBB3 over other 
isoforms of tubulin (32). Based on the fact that our SCLC 
cohort showed high expression of TUBB3 throughout the 
majority of samples, further evaluation of this drug class in 
SCLC may be worthwhile. 

In conclusion, our study reveals that TUBB3 is highly 
expressed in SCLC. This finding may elucidate why the 
disease is less responsive to taxane chemotherapy. In addi- 
tion, TUBB3 may be a potential target for novel microtubule 
inhibitor therapy, such as epothilones. Further evaluation of 
TUBB3 as a biomarker in SCLC is warranted. 
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